Introduction
Wound infection is the main cause of delayed or incomplete wound healing. In the worst case scenario, wound infection can lead to sepsis and even death, and thus, such infection is an important issue in health care. The most common mode of diagnosis for wound infections is by a physician's examination for typical signs of infection such as redness (rubor), heat (calor), swelling (tumor), pain (dolor) and impairment of function (functiolaesa) [1] . Such an assessment requires a great deal of experience because only rarely are all classical symptoms of inflammation present at once. In most cases, symptoms appear in various combinations [2] . Diagnosis is also complicated by the fact that during normal postoperative wound healing, the same clinical symptoms may occur even without an infection being present [3] . Routine examinations will only detect an infection after its onset. Therefore, the infection progresses until externally visible characteristics arise. Late-stage detection can lead to difficulties during wound treatment and hence to prolonged hospital stays. A more objective method for detecting wound germs is to take a swab and analyse it by PCR, but this generally takes at least 24 hours because bacteria must be cultured first. Such a method also has a high rate of diagnostic error. Another alternative is the assessment of C-reactive protein concentrations, which are elevated during an infection [1, 3, 4] . But these two tests can only be done after the infection is already established. Furthermore, blood samples must be taken by specialized personnel with dedicated equipment.
The detection of wound infection at a very early stage would be of enormous benefit in preventing the development of severe infections. If wound infections can be detected early enough, medical intervention would reduce the severity and length of treatment required, and thereby significantly reduce health care costs. We present here a new system that has the potential to provide quick, cheap and accurate diagnoses of wound infection at a very early stage. The first response of the immune system to the invasion of germs and bacteria is the activation of neutrophil granulocytes, which are a part of the unspecific immune response. Neutrophil granulocytes are activated within the first few hours of infection and attack the invading germs by absorbing and digesting them. The granulocytes contain high levels of the enzyme myeloperoxidase, which is released into the infected wound when the granulocytes are destroyed. Myeloperoxidase catalyses the formation of hypochloric acid from hydrogen peroxide and chloride ions. Hypochloric acid acts as an effective antibacterial, antiviral and antifungal agent in the tissue. As the production of granulocytes increases with the production of invading germs, the enzyme activity of myeloperoxidase can be used as an indicator of the infection status of a wound at a very early stage.
Methods
We have developed a measuring system that can measure the enzyme activity of myeloperoxidase in a small sample of wound fluid. The system comprises an electrochemical sensor housed in a 2µl measuring cell . The measurement principle is based on the amperometric detection of hydrogen peroxide (H 2 O 2 ). The wound fluid sample is added to a solution of hydrogen peroxide (200 µmol/l) in phosphate buffered saline. The concentration of hydrogen peroxide will be reduced according to the myeloperoxidase activity in the sample. Before the wound fluid is added, the sensor baseline is recorded by measuring the hydrogen peroxide solution, which produces a stable sensor current. When the wound fluid sample is added to the solution the sensor current drops due to the enzyme activity until a new equilibrium is reached. The difference between the two equilibrium levels is used to calculate the enzyme activity of myeloperoxidase. This measuring system has two major advantages: 1. No calibration is needed because the relative decrease of the sensor current in relation to the baseline current is used instead of absolute values; and 2. Long-term sensor drifts is not an issue because the sensor baseline is recorded before each measurement. 
Results

Measurement precision
The sensors used to detect hydrogen peroxide concentrations exhibited excellent linearity in the range from 1 to 125 µmol/l hydrogen peroxide (R 2 = 1). Sensor precision between measurements of a single sensor was very high (coefficient of variation of 1.2%), as assessed by 10 consecutive measurements of a test solution containing 100 µmol/l H 2 O 2 . The sensor to sensor variation was 17.4%, as assessed by with 10 measurements with 10 sensors. The precision of the resulting signal decrease induced by an enzyme activity of 0.75 U/ml was 2.4%, while the sensor to sensor variability of the signal decrease was 11.3%.
Measurement of wound fluid samples
The samples were classified by an experienced physician as either "not infected" or "critical". The enzyme activities calculated from our measurements were 0.72 ± 0.46 U/ml for "not infected" samples and 3.19 ± 1.01 U/ml for "critical" samples respectively. The classification of 12 wound samples by the measuring system was compared to the classification by the physician. 10 of the 12 classifications by the sensor were consistent with the physician's assessment. The discrepancy in the two samples could be caused by an early onset of infection with not yet clearly developed symptoms.
Discussion
Our system for measuring the status of wound infection showed good correlation with physicians' classification of real wound fluid samples. At this stage, it cannot be ascertained whether the difference in classification of two samples by the physician and our system arose through error in the measurement system or through misinterpretation of symptoms by the physician as no data was available regarding further development of the wounds tested.
Outlook
The next major step is to conduct a clinical study with a larger number of samples in order to set correct thresholds for the classification of the wound infection status. Shortterm plans include optimization of the system to reduce the measuring time and the sample volume used. Nonetheless, these preliminary results show that the system has the potential to become a powerful new tool for objective diagnosis of wound infections.
